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VARIABLE VALVE TYPE INTERNAL
COMBUSTION ENGINE AND CONTROL
METHOD THEREOF

This application 1s a continuation of application Ser. No. 5

10/828,225, filed Apr. 21, 2004 now U.S. Pat. No. 7,240,
664.

This application claims the prionity of Japanese patent
document no. 2003-116034, filed Apr. 21, 2003, the disclo-

sure of which 1s expressly incorporated by reference heremn. 10

BACKGROUND OF THE INVENTION

The present mmvention relates to a variable valve type
internal combustion engine and a control method used 1 15
vehicles such as automobiles, and particularly to a variable
valve type internal combustion engine and a control method
in which the intake airtlow 1s controlled by continuously
controlling the lift amount and the open valve period of the
intake valve. 20

Recently, a variable valve type internal combustion
engine 1s spreading for the decrease 1n the fuel consumption
of the automobile engine, in which the intake airtlow 1is
controlled with the intake valve which can set the lift amount
and the open valve period 1n changeability. Such a variable ;5
valve type internal combustion engine has two intake ports
in one cylinder, and an intake valve which individually
opens and shuts each intake port. In a low revolution region
of the internal combustion engine, one intake valve 1s fixed
in a closed state regardless of the height of the engine load, 3¢
and at least one of the lift amount and the open valve period
ol the other intake valve 1s gradually increased to control the
air amount as the load of the engine increases. At the same
time, the swirl control 1s performed in the combustion
chamber. (For mstance, Japanese Patent Application Laid- 35
Open No. 7-332045).

It 1s thought that the intake airtlow 1s 1nsuflicient 1n the
low revolution number and the high load region because a
part of intake valves 1s stopped 1n the engine low revolution
number operation region in the conventional variable valve 49
type internal combustion engine described in Japanese
Patent Application Laid-Open No. 7-332045.

Moreover, 1t 1s not considered to decrease the variation of
the intake airflow due to the variation (error) of the lift
amount and the open valve period of the intake valve in the 45
low intake airtflow region 1n the conventional variable valve
type internal combustion engine. The variation of the intake
airtlow, especially the variation of the intake airtlow 1n the
low intake airflow region decreases extremely the control
accuracy of the air fuel ratio of the mixture (fuel-air), and 50
deteriorates the performance of an engine.

e

SUMMARY OF THE INVENTION

An object of the present invention to provide a variable ss
valve type internal combustion engine and a control method
in which there 1s no fear that the intake airflow becomes
insuilicient and the intake airtlow 1s controlled with a high
degree of accuracy by decreasing the variation of the intake
air amount due to the variation of the lift amount and the 60
open valve period 1n an internal combustion engine with a
variable valve gear 1n which the intake air amount can be
controlled by controlling continuously the lift amount and
the open valve period.

To achieve the above-mentioned object, A variable valve 65
type 1ternal combustion engine of the present invention 1s
provided with a plurality of intake ports provided 1n each

2

cylinder, an intake valve which individually opens and shuts
cach intake port, and a vaniable valve gear which continu-
ously and changeably sets at least one of the lift amount and
the open valve period of the intake valve. The intake airflow
1s controlled with intake valve. The internal combustion
engine 1s further provided with a control means in which at
least one of the lift amount and the open valve period of
plural intake valves can be set independently 1n each intake
valve, and the operation modes of said plural intake valves
in one cylinder can be set respectively and independently
according to the operating states such as intake airtlow of the
internal combustion engine.

According to variable valve type internal combustion
engine by this invention, the operation modes of a plurality
of intake valves (lift amount and/or open valve period) 1n
one cylinder 1s independently set by a control means accord-
ing to the operating state of the internal combustion engine.
The vanation of the intake airtlow due to the vanation of the
lift amount and the open valve period can be decreased
without making the intake airtlow isuflicient by properly
setting the operation mode of each intake valve.

In the variable valve type iternal combustion engine
according to the present invention, said control means stops
at least one of said plural intake valves provided in one
cylinder in the low air amount region, and operates the
intake valve operated in the low air amount region and other
intake valves i the medium and high air amount regions. By
this, the variation of the intake airflow due to the variation
of the lift amount and the open valve period can be
decreased without making the intake airtlow insuflicient.

In the variable valve type iternal combustion engine
according to the present invention, the diameters of intake
ports and the corresponding intake valves provided 1n one
cylinder are different from each other, said control means
stops the intake valve with a large diameter among said
plural intake valves provided 1n one cylinder 1in the low air
amount region, and operates all of said plural intake valves
provided 1n one cylinder 1n the medium and high air amount
region. By this, the varniation of the intake airtlow due to the
variation of the lift amount and the open valve period can be
decreased without making the intake airflow insufficient.

Further, said control means operates the intake valve with
a large diameter among said plural intake valves provided 1n
one cylinder, and stops the intake valve with a small
diameter 1n the medium air amount region, and operates all
of said plural intake valves provided in one cylinder 1n the
high air amount region. By this, the variation of the intake
airflow due to the vanation of the lift amount and the open
valve period can be decreased without making the intake
airflow 1nsuflicient.

Further, said control means decreases the intake airflow
with the intake valve which operates 1n the low air amount
region during transition which shifts from the low air
amount region to the high air amount region, and increases
the intake airflow with the intake valve which operates 1n the
medium and high air amount region during transition.

Reversely, with this, said control means decreases the
intake airflow with the intake valve which operates in the
medium and the high air amount regions, and increases the
intake airtlow with the intake valve which operates 1n the
low air amount region during transition which shifts from
the high air amount region to the low air amount region.

By this, the vanation of the intake airflow due to the
variation of the lift amount and the open valve period can be
decreased without making the intake airtlow insuflicient.

Further, when the operation valve 1s switched from the
intake valve which operates in the low air amount region to
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the imtake valve which operates in the high air amount
region, the latter minimum intake airflow 1s more than the
former maximum intake airflow.

Further, during transition which shifts from the low air
amount region to the medium and the high air amount
region, said control means changes the magnitude of the
decrease of the air amount which passes through the intake
valve which operates 1n the low air amount region according,
to the operating state before the transition and the operating,
state after the transition based on the driver’s intention. The
transient characteristic which suits the operating state before
the transition and the transient operation which the driver
intends 1s obtained.

Further, 1n a variable valve type internal combustion
engine according to the present invention, according to the
operating state before the transition and the operating state
after the transition based on the driver’s intention, the air
amount which passes through the intake valve which oper-
ates 1n the low load operation region 1s decreased compared
with the air amount betfore the transition, and the increase 1n
the air amount which passes through the intake valve which
operates 1n the high load operation region compared with the
airr amount before the transition 1s prohibited.

The wvanable valve type internal combustion engine
according to the present invention further includes a means
which generates the negative pressure 1n the low air amount
region in the upstream of the intake valve, wherein the
control of the intake airflow 1n the low air amount region 1s
performed by using one intake valve among said plural
intake valves provided 1n one cylinder.

By this, the variation of the intake airtlow due to the
variation of the lift amount and the open valve period can be
turther decreased because the lift amount and the open valve
period of the intake valve can be increased in the low air
amount region.

In a vanable valve type internal combustion engine
according to the present invention, the fuel injection valve 1s
provided individually 1n each of said plural intake ports
provided 1n one cylinder, and the fuel injection amount to
cach of the plural intake port 1s decided depending on the air
amount which passes through each of the intake valves
provided 1n one cylinder. As a result, the generation of the
mixture in a plurality of mtake ports substantially becomes
uniform.

Further, in a method of controlling a variable valve type
internal combustion engine according to the present mnven-
tion to achieve the above-mentioned object, the intake
airtlow 1s controlled with intake valve, comprising a plural-
ity ol intake ports provided 1n each cylinder, an intake valve
which individually opens and shuts each intake port, and a
variable valve gear which continuously and changeably sets
at least one of the lift amount and the open valve period of
the intake valve, wherein at least one of the lift amount and
the open valve period of plural intake valves provided in one
cylinder 1s controlled respectively and independently
according to the operating states of the internal combustion
engine.

According to variable valve type internal combustion
engine by this mnvention, the operation modes of a plurality
of intake valves (lift amount and/or open valve period) 1n
one cylinder 1s independently set by a control means accord-
ing to the operating state of the internal combustion engine.
The variation of the intake airtlow due to the vanation of the
lift amount and the open valve period can be decreased
without making the intake airflow insuflicient by properly
setting the operation mode of each intake valve.

10

15

20

25

30

35

40

45

50

55

60

65

4
BRIEF DESCRIPTION OF DRAWINGS

The present invention will be understood more fully from
the detailed description given hereinaiter and from the
accompanying drawings of the preferred embodiment of the
present invention, which, however, should not be taken to be
limitative to the invention, but are for explanation and
understanding only.

In the drawings:

FIG. 1 1s a system view of variable valve type internal
combustion engine 1 a first embodiment of the present
ivention.

FIG. 2 1s a view showing the configuration of the intake
valve seat diameter of variable valve type internal combus-
tion engine of FIG. 1.

FIG. 3 1s a view showing the operation mode of the intake
valve to the operating state of variable valve type internal
combustion engine of FIG. 1.

FIG. 4 1s a view showing the effect of the decrease of the
variation of air ount to the variation of the lift amount and
the open valve period of the intake valve 1n the first and the
second embodiments of the present invention.

FIG. 5 1s a view showing a method of controlling the
intake valve operation during transition 1n the first embodi-
ment of the present invention.

FIG. 6 1s a view showing the arrangement of the fuel
injection valve of the variable valve type internal combus-
tion engine according to the first and the second embodi-
ments of the present invention.

FIG. 7 1s a view showing the configuration of the intake
valve seat diameter 1n the second embodiment of the present
invention.

FIG. 8 1s a view showing the operation mode of the intake
valve by the operating state of the variable valve type
internal combustion engine according to the second embodi-
ment of FIG. 7.

FIG. 9 1s a view showing a method of controlling the
intake valve operation during transition in the second

embodiment of FIG. 7.

(Ll

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

Heremaiter, an embodiment of this invention 1s explained
in detail referring to the figures attached.

Embodiment 1

FIG. 1 shows an embodiment 1 of the variable valve type
internal combustion engine according to the present inven-
tion. Varniable valve type internal combustion engine 100 1s
an automotive gasoline engine, which has piston 4 that can
reciprocate 1n cylinder bore 3 formed 1n cylinder block 1.
Piston 4 1s connected to crank chain (not shown) with
connecting rod 2. Cylinder head 5 is installed 1n the upper
part of cylinder block 1. Cylinder head 5 forms combustion
chamber 6 between the cylinder head itself and piston 4.
Automotive gasoline engines are usually multiple cylinder
engines of four cylinders type, six cylinders type, etc. though
only one cylinder (combustion chamber 6) 1s shown 1n FIG.
1.

Intake port 11 and exhaust port 21 are formed in cylinder
head 5. Moreover, sparking plug 9 for the spark 1gnition 1s
installed 1n cylinder head 3. Further, intake valve 7 which
opens and shuts intake port 11 and exhaust valve 8 which
opens and shuts exhaust port 21 are installed 1in cylinder
head 5 respectively. As for intake port 11, exhaust port 21,
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intake valve 7 which opens and shuts intake port 11, and
exhaust valve 8 which opens and shuts exhaust port 21, two
cach are provided in each cylinder (See FIG. 2).

Variable valve gear 10 which makes the lift amount, the
open valve period and the phase change continuously is
provided 1n intake valve 7. Fuel injection valve 12 which jets
the tuel to intake port 11 1s mnstalled in the upstream side of
intake valve 7.

Internal combustion engine 100 inhales air from intake
port 11 into combustion chamber 6 which becomes a nega-
tive pressure by the reciprocation work of piston 4 (intake
stroke). The fuel jetted from fuel 1injection valve 12 to intake
port 11 1s inhaled into combustion chamber 6 with the intake
air inhaled into combustion chamber 6.

The fuel inhaled 1n combustion chamber 6 1s mixed with
the air inhaled 1n combustion chamber 6, 1gnited with
sparking plug 9, and burnt. A combustion gas of combustion
chamber 6, that 1s, the exhaust gas 1s exhausted from exhaust
port 21 to the outside of the combustion chamber 6 by the
reciprocation work of piston 4 (exhaust stroke).

Control unit 13 1s one of the computer type, which
includes engine control part 16, variable valve control part
17, injector drive circuit 18, and change gear control part 19,
etc. The control umit 13 detects the operating state of internal
combustion engine 100 based on output signals of various
sensors, and controls variable valve gear 10, fuel injection
valve 12, and sparking plug 9 installed 1n internal combus-
tion engine 100 according to the detection result.

Signals 1nput from various sensors to control umt 13 are
described heremaftter. In this embodiment, the crank angle,
the cylinder judgment signal, the throttle opeming, the accel-
cration pedal control amount, the brake pedal control
amount, the intake-air temperature, the intake airflow, the
water temperature, the exhaust gas temperature, and the
concentration of the exhaust oxygen are input to control unit
13. Only intake airtlow sensor 14 and throttle opening sensor
15 1s shown 1n the figure.

The fuel 1njection and the ignition time to each cylinder
are controlled by control unit 13. They are controlled by
carrying out the operation processing of the jet pulse signal
and the 1gnition signal in control unit 13.

In internal combustion engine 100 according to this
embodiment, the intake airflow can be controlled by using
intake valve 7 1n which variable valve gear 10 1s provided so
that fuel cost may improve by the pumping loss decrease.
When the intake airtlow 1s controlled with intake valve 7 1n
which variable valve gear 10 1s provided, the intake airflow
1s controlled by continuously making the lift amount of
intake valve 7 and the open valve period changeable 1n the
partial load operation region. In the prior art, the pumping,
losses are generated most greatly mn an idling operation
region where the throttle enters the fully closed state.
Therefore, 1t 1s an 1dling drive region to obtain fuel saving
benefits most with the variable valve gear described accord-
ing to this embodiment.

However, the vanation of the intake airflow every cycle
and the varation of the intake airflow between cylinders are
generated due to the variations of the lift amount and the
open valve period of the intake valve, because it 1s required
extremely to reduce the lift amount and the open valve
period of the intake valve to carrying out the idling operation
with a variable valve gear.

Then, diameters of valve seats of two intake air valves
provided 1n one cylinder are formed so as to be different with
cach other in this embodiment. Cylinder head 5 seen from
the piston 4 side 1s shown 1n FIG. 2. In the configuration of
this embodiment, intake valve 7a with a small valve seat
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6

diameter 1s provided for intake port 11a and intake valve 75
with a small valve seat diameter for intake port 115.

Further, variable valve gear 10 can set respectively 1ndi-
vidually and changeably the lift amounts and the open valve
periods of mtake valves 7a and 7b. Variable valve control
part 17 of control unit 13 which 1s a control means of this
variable valve gear 10 independently sets and controls the
operation modes of intake valves 7a and 75 1n one cylinder
according to the operating state of internal combustion
engine 100. The operation modes of intake valves 7a and 75
mentioned here mean the combination of the lift amount, the
open valve period, and the phase.

FIG. 3 shows the operation modes of intake valves 7a and
7b of the vaniable valve type internal combustion engine
according to this embodiment. FIG. 3(a) shows the example
of the distribution of low-high air amount regions (A)-(D)
decided by the torque and the engine speed. The air amount
(intake airflow) in this embodiment means the air amount
inhaled into the engine during one cycle.

Concretely, air amount 1s controlled by making intake
valve 7b zero-lift, and making the lift amount, the open
valve period and the phase of intake valve 7a changeable in
low air amount region (A) as shown 1n FIG. 3 (b). In medium
airr amount region (B) as shown in FIG. 3(¢), air amount 1s
controlled by making intake valve 7a zero-lift, and making
the lift amount of intake valve 75, the open valve period, and
the phase changeable. In high air amount regions (C) and
D) as shown i FIGS. 3(d) and 3(e), the intake airflow 1s
controlled by making the lift amounts, the open valve
periods and the phases of both intake valves 7a and 75
changeable.

In region (C) of the high air amount region where air
amount 1s comparatively small, the intake airflow 1s reduced
by reducing the lift amount and the open valve period of
intake valve 7b than the state of a full lift and changing the
phase, and by increasing the lift amount and the open valve
pertod of intake valve 7a and changing the phase, the
difference between the demand air amount and the air
amount which passes through intake valve 75 1s supplied to
combustion chamber 6 through intake valve 7a.

Three intake valves may be used in similar ways though
two 1ntake valves are used 1n the embodiment shown 1n FIG.
2. When the number of intake valves i1s three, the intake
valve with the smallest valve seat diameter 1s set as intake
valve 7a, and other two intake valves are set as intake valve
7b with a large diameter.

In low air amount region (A) i this embodiment as
described above, the intake airtlow 1s controlled by using
only intake valve 7a with the small diameter. Therefore, 1t 1s
necessary to increase the lift amount and the open valve
period to secure the opening space which suits the demand
intake airflow compared with the case to control the intake
airflow by controlling similarly each of the plural intake
valves provided in one cylinder. The opening space men-
tioned here 1s port opening space per unit time of every one
stroke.

As a result, the variation of the air amount due to the
variation of the lift amount and the open valve period of the
intake valve 1n low air amount region (A) can be decreased
as shown in FIG. 4. Because the port diameter of intake
valve 7a 1s small, this means the ratio of the variation of the
intake airtlow to the variation of the lift amount and the open
valve period 1s small. The lift vanation amount in FIG. 4
represents the variation from the target lift, and the vanation
of the intake airtlow represents the variation from the target
air amount.
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In low air amount region (A) where the intake airtlow 1s
controlled only with intake valve 7a, the air amount 1is
decided depending on the air amount when intake valve 7a
1s made the full lift 1n each engine speed. It 1s possible to
give the negative pressure 1n the intake pipe by shutting the
throttle provided in the upstream of the intake valve and
increase the lift amount and the open valve period of intake
valve 7a 1 low air amount region (A). The reason for this
1s that the air amount must be secured by increasing the
opening space ol intake valve 7a because the air amount
filled 1n the intake pipe may decrease.

Because the air amount 1s controlled only with intake
valve 76 1n the medium air amount region (B), 1t 1s necessary
to increase the lift amount and the open valve period to
secure the opening space of 1intake valve 75 which suits the
demand intake airflow compared with the case to operate
both 1intake valves 7a and 756. As a result, the variation of the
intake airflow due to the vanation of the lift amount and the
open valve period of intake valve 75 1n medium air amount
region (B) can be decreased.

The reason why neither intake valve 7a nor intake valve
7b 1s operated 1n medium air amount region (B) 1s to exclude
the addition of the variation of the intake airflow due to the
variation of the lift amount and the open valve period of
intake valve 7a by making intake valve 7a zero-lift. Medium
air amount region (B) where the intake airflow 1s controlled
only with intake valve 756 1s decided depending on the air
amount when intake valve 7b 1s made the full lift 1n each
engine speed.

Both intake valve 7a and intake valve 75 are operated to
secure the intake airtflow 1n high air amount regions (C) and
(D). When the lift amount and the open valve period of
intake valve 7a 1s increased from zero-lift while maintaining
the liit amount and the open valve period of intake valve 75
in the maximum value 1n region (C) where the air amount 1s
comparatively small 1n the high arr amount region, the
variation of the air amount 1s occurred by the variation of the
l1ift amount and the open valve period of intake valve 7a.

Then, the lift amount and the open valve period of intake
valve 7a when the lift amount and the open valve period in
which the variation of the air amount which passes through
intake valve 75 falls within the allowable range are given are
predetermined. The difference between the demand air
amount and the air amount which passes through intake
valve 7a can be given by controlling the lift amount, the
open valve period and the phase of intake valve 75 by giving
intake valve 7a the lift amount and the open valve period
predetermined 1n region (C) where air amount 15 compara-
tively small in the high air amount region.

Next, the control during transition in this embodiment 1s
explained by using FIG. 5. Various changes in the engine
speed and the torque are occurred by control unit 13 accord-
ing to the driver’s mtention as shown in FIG. 5(a).

First of all, the opening space 1s increased by increasing
the lift amount and the open valve period of intake valve 7a
as shown 1n FIG. 5(») when the target air amount changes
from region (A) to region (B) i FIG. 5(a). When the it
amount and the open valve period of intake valve 7 reaches
the structural maximum value and the air amount reaches the
maximum air amount obtained when only intake valve 7a 1s
operated, the lift amount and the open valve period of intake
valve 7a 1s decreased during transitional period. In synchro-
nization with the operation, the lift amount and the open
valve period of intake valve 7b 1s increased and the opening,
space 1s increased. The target value of the opening space of
intake valve 7b 1s decided depending on the target air
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amount decided based on the driver’s intention. The opening
space of intake valve 7a 1s finally adjusted to zero.

The reason why such control 1s carried out 1s as follows.
It 1s assumed that the control 1s done to 1ncrease the opening
space of 1ntake valve 7b with the opening space of intake
valve 7a maintained in the maximum value. When the target
air amount 1s slightly more than the maximum air amount
obtained when only intake valve 7a i1s operated, 1t become
necessary to increase the lift amount and the open valve
period of intake valve 75 minutely and increase the opening
space. As a result, the vanation of the intake airflow 1s
occurred due to the variation of the lift amount and the open
valve period of intake valve 7b.

Then, the opening space of intake valve 75 1s increased to
secure the air amount by decreasing the opening space of
intake valve 7a 1n this embodiment. Because increasing the
l1ft amount and the open valve period of intake valve 76 by
this control becomes possible, the variation of the intake
airflow due to the vanation of the lift amount and the open
valve period of intake valve 7b can be decreased.

The variation of the intake airflow due to the variation of
the liit amount and the open valve period of intake valve 7a
can be completely excluded by finally adjusting the opening
space of 1ntake valve 7a to 0. It 1s possible not to adjust the
opening space ol intake valve 7a to 0. In that case, the
desired values of the opening spaces of intake valve 7a and
intake valve 7b are decided depending on the target air
amount decided based on the driver’s intention.

Moreover, during transition which shifts from the low air
amount region to the medium air amount region, the mag-
nitude of the decrease of the air amount which passes
through intake valve 7a which operates 1 the low air
amount region can be changed according to the operating
state before the transition changes and the operating state
alter the transition based on the driver’s intention.

First of all, the opening space is increased by increasing,
the liit amount and the open valve period of intake valve 756
as shown in FIG. 5(c) when the target air amount changes
from region (B) to (C) mn FIG. 5(a). When the lift amount
and the open valve period of intake valve 756 reaches the
structural maximum value and the air amount reaches the
maximum air amount obtained when only 1ntake valve 75 1s
operated, the lift amount and the open valve period of intake
valve 7b 1s decreased during transition. The opening space
1s increased by increasing the lift amount and the open valve
period of intake valve 7a in synchronization with this. The
target values of the opening spaces of intake valve 7a and

intake valve 76 are decided depending on the target air
amount decided based on the driver’s intention.

The reason to do this control 1s as follows. It 1s assumed
that the control 1s done to increase the opening space of
intake valve 7a with the opening space of intake valve 7b
maintaimned m the maximum value. When the target air
amount 1s slightly more than the air amount obtained when
only mtake valve 7b 1s operated, the vanation of the intake
airtlow 1s occurred by the variation of the lift amount and the
open valve period of intake valve 7a because the opening
space 1s increased by minutely increasing the lift amount and
the open valve period of intake valve 7a.

Then, the opening space of itake valve 7a 1s increased to
secure the air amount by decreasing the opening space of
intake valve 76 1n this embodiment. Because increasing the
l1ft amount and the open valve period of intake valve 7a by
this control becomes possible, the variation of the intake
airflow due to the vanation of the lift amount and the open
valve period of intake valve 7a can be decreased. As a result,
the decrease 1n the control accuracy of the air fuel ratio of




us 7,357,119 B2

9

the mixture, which originates 1n the variation of the intake
airtflow 1s canceled, and the performance of an engine 1s
improved.

The opeming space i1s increased by increasing the lift
amounts and the open valve periods of intake valve 7a and
intake valve 7b as shown in FIG. 3(d) when the target air
amount changes from region (C) to (D) in FIG. 5(a).
Because the lhift amounts and the open valve periods of
intake valve 7a and intake valve 76 can be maintained a
large value enough during transition from region (C) to (D),
there 1s no need to control the intake valve like the transition
of region (A) to (B) or region (B) to (C). The target values
of the opening spaces of intake valve 7a and intake valve 75
are decided depending on the target airr amount decided
based on the driver’s intention.

Oppositely, when the target air amount shifts from the
high air amount region to the low air amount region, the
intake airflow with intake valve 7b which operates 1n the
medium and the high air amount regions 1s decreased and the
intake airflow with intake valve 7a which operates 1n the low
alr amount region 1s increased during transition.

Because the air amount which passes through a plurality
of intake valves 7a and 7b provided in one cylinder 1is
different according to the operation region of the engine 1n
this embodiment, 1t 1s necessary to jet the fuel amount
suitable to the air amount passing through each intake valve
every operation mode of the intake valve shown in this
embodiment. It 1s desirable to provide fuel injection valve 12
individually 1n a plurality of intake ports 11a and 115
provided in one cylinder as shown in FIG. 6.

Embodiment 2

Next, embodiment 2 of a variable valve type internal
combustion engine according to the present invention 1s
explained. Whole configuration of the variable valve type
internal combustion engine 1n this embodiment 1s equal to
one shown 1n FIG. 1. In this embodiment, the diameters of
valve seats of intake valves 7¢ and 7d provided in one
cylinder are equal to each other. FIG. 7 shows the configu-
ration of cylinder head 5 seen from the side of piston 4.

In this embodiment, intake valve 7¢ used 1n the low air
amount region and intake valve 7d used in the high air
amount region are provided. The operation mode of each of
Intake valves 7¢ and 7d provided 1n one cylinder 1s changed
according to the operation region of the engine. Also 1n this
embodiment, the operation mode of the intake valve means
the combination of the lift amount, the open valve period
and the phase.

Concretely, air amount 1s controlled by making intake
valve 7d zero-lift, and controlling the lift amount, the open
valve period and the phase of intake valve 7 1n low air
amount region (A) as shown in FIG. 8(5). In high air amount
regions (C) and (D) as shown 1n FIGS. 8(c) and 8(d), the
intake airflow 1s controlled by controlling the lift amounts,
the open valve periods and the phases of both intake valves
7 and 7d. Now, FIG. 8(a) shows an example of the distri-
bution from the low air amount (A), the middle air amount
(C) and the high air amount region (D) decided by the torque
and the engine speed.

In region (C) of the high air amount region where air
amount 1s comparatively small, the intake airflow 1s reduced
by reducing the lift amount and the open valve period of
intake valve 7¢ and changing the phase, and by increasing
the lift amount and the open valve period of intake valve 7d
and changing the phase, the difference between the demand
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airr amount and the air amount which passes through intake
valve 7 1s supplied to combustion chamber 6 through intake
valve 7d.

The air amount 1n this embodiment means the air amount
inhaled 1n one cycle. Three intake valves may be used 1n
similar ways though two intake valves are used in the
embodiment shown in FIG. 7. When three intake valves 1s
used, the intake valve used 1n the low air amount region 1s
set as intake valve 7¢, and other two intake valves are set as
intake valve 7d.

Because the air amount 1s controlled only with intake
valve 7c¢ 1n the low air amount region (A), 1t 1s necessary to
increase the lift amount and the open valve period to secure
the opening space which suits the demand intake airflow
compared with the case that the air amount 1s controlled by
similarly controlling each of plural intake valves provided 1n
one cylinder. As a result, the variation of the intake airtlow
due to the variation of the lift amount and the open valve
period of intake valve 1n the low air amount region can be
decreased as shown 1n FIG. 4. As a result, the decrease 1n the
control accuracy of the air fuel ratio of the mixture which
originates in the variation of the intake airflow 1s canceled,
and the performance of an engine 1s 1improved.

In low air amount region (A) where the intake airflow 1s
controlled only with intake valve 7¢, the air amount 1is
decided depending on the air amount when intake valve 7c¢
1s made the full lift 1n each engine speed. It 1s possible to
give the negative pressure 1n the mtake pipe by shutting the
throttle provided in the upstream of the intake valve and
increase the lift amount and the open valve period of intake
valve 7¢ 1n low air amount region (A). The reason for this
1s that the air amount must be secured by increasing the
opening space of intake valve 7a because the air amount
filled 1n the intake pipe may decrease.

Both intake valve 7¢ and intake valve 7d are operated to
secure the intake airtlow in the high air amount region.
When the lift amount and the open valve period of intake
valve 7d 1s increased from zero-liit while maintaining the lift
amount and the open valve period of intake valve 7¢ 1n the
maximum value 1n region (C) where the air amount 1s
comparatively small in the high air amount region, the
variation of the air amount 1s occurred by the varnation of the
l1ft amount and the open valve period of intake valve 7d.

Then, the lift amount and the open valve period of intake
valve 7c¢ when the lift amount and the open valve period 1n
which the vanation of the air amount which passes through
intake valve 7d falls within the allowable range are given are
predetermined. The difference between the demand air
amount and the air amount which passes through intake
valve 7¢ can be given by controlling the lift amount, the
open valve period and the phase of intake valve 7d by giving
intake valve 7¢ the lift amount and the open valve period
predetermined 1n region (C) where air amount 15 compara-
tively small 1n the high air amount region.

Next, the control during transition in this embodiment 1s
explained by using FIG. 9. Various changes in the engine
speed and the torque are occurred by control unit 13 accord-
ing to the driver’s intention as shown i FIG. 9(a).

First of all, the opening space is increased by increasing
the lift amount and the open valve period of itake valve 7¢
as shown in FIG. 9(b) when the target air amount changes
from region (A) to region (C) 1 FIG. 9(a). When the it
amount and the open valve period of intake valve 7¢ reaches
the structural maximum value and the air amount reaches the
maximum air amount obtained when only 1ntake valve 7c¢ 1s
operated, the lift amount and the open valve period of intake
valve 7c 1s decreased during transitional period. In synchro-
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nization with the operation, the lift amount and the open
valve period of intake valve 7d 1s increased and the opening
space 1s 1increased. The target value of the opening space of
intake valves 7 and 74 1s decided depending on the target air
amount decided based on the driver’s intention.

The reason why such control 1s carried out 1s as follows.
It 1s assumed that the control 1s done to increase the opening
space of 1ntake valve 7d with the opening space of intake
valve 7¢ maintained 1n the maximum value. When the target
air amount 1s slightly more than the maximum air amount
obtained when only 1ntake valve 7c¢ 1s operated, 1t become
necessary to increase the lift amount and the open valve
period of intake valve 7d minutely and increase the opening,
space. As a result, the vanation of the intake airflow 1s
occurred due to the variation of the lift amount and the open
valve period of intake valve 7d.

Then, the opening space of intake valve 7d 1s increased to
secure the air amount by decreasing the opening space of
intake valve 7¢ 1n this embodiment. Because increasing the
l1ft amount and the open valve period of intake valve 7d by
this control becomes possible, the variation of the intake
airtlow due to the vaniation of the lift amount and the open
valve period of intake valve 7d can be decreased. As a result,
the decrease 1n the control accuracy of the air fuel ratio of
the mixture which originates in the varnation of the intake
airtflow 1s canceled, and the performance of an engine 1s
improved.

Moreover, during transition which shifts from the low air
amount region to the high air amount region, the magnitude
of the decrease of the air amount which passes through
intake valve 7¢ which operates 1n the low air amount region
can be changed according to the operating state before the
transition changes and the operating state after the transition
based on the driver’s intention.

The opeming space 1s increased by increasing the lift
amounts and the open valve periods of intake valve 7¢ and
intake valve 7d as shown in FIG. 9(c) when the target air
amount changes from region (C) to (D) in FIG. 9(a).
Because the lift amounts and the open valve periods of
intake valve 7¢ and intake valve 7d can be maintained a large
value enough during transition from region (C) to (D), there
1s no need to control the intake valve like the transition of
region (A) to (C). The target values of the opening spaces of
intake valve 7¢ and intake valve 7d are decided depending
on the target arr amount decided based on the driver’s
intention.

Oppositely, when the target air amount shifts from the
high air amount region to the low air amount region, the
intake airflow with intake valve 7d which operates 1n the
medium and the high air amount regions 1s decreased and the
intake airtlow with intake valve 7¢ which operates 1n the low
alr amount region 1s increased during transition.

Because the air amount which passes through plural
intake valves 7¢ and 7d provided 1n one cylinder 1s different
according to the operation region of the engine in this
embodiment, it 1s necessary to jet the fuel amount suitable
to the air amount passing through each intake valve every
operation mode of the intake valves 7¢ and 7d shown 1n this
embodiment. It 1s desirable to provide fuel 1injection valve 12
individually 1n plural intake ports provided in one cylinder
as shown in FIG. 6.

According to the variable valve type iternal combustion
engine and the control method variable valve type internal
combustion engine of the present invention as understood
from the above-mentioned explanation, the varnation of the
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intake airtlow due to the variation of the lift amount and the
open valve period of the intake valves can be decreased by
individually changing the operation modes of a plurality of
intake valves provided in one cylinder according to the
operation region of the engine. The decrease in the control
accuracy of the air fuel ratio of the mixture which originates
in the variation of the intake airflow 1s canceled, and the
performance ol an engine can be improved.

Although the present invention has been 1llustrated and
described with respect to exemplary embodiment thereof, 1t
should be understood by those skilled in the art that the
foregoing and various other changes, omission and additions
may be made therein and thereto, without departing from the
spirit and scope of the present invention. Therefore, the
present invention should not be understood as limited to the
specific embodiment set out above but to include all possible
embodiments which can be embodied within a scope encom-
passed and equivalent thereof with respect to the feature set
out in the appended claims.

What 1s claimed 1s:

1. A vaniable valve type internal combustion engine in
which the intake airflow 1s controlled with a plurality of
intake valves, comprising a plurality of intake ports pro-
vided 1n each cylinder, an intake valve which individually
opens and shuts each intake port, a variable valve gear which
continuously and changeably sets at least one of the it
amount and the open valve period of each intake valve, and
the operation modes of said plural intake valves in one
cylinder can be set respectively and independently according
to the operating states of the internal combustion engine,

wherein the lift amount and the open valve period of one

intake valve when the lift amount and the open valve
period in which the variation of the air amount which
passes through another intake valve falls within the
allowable range are predetermined, and

the difference between the demand air amount and the air

amount which passes through one intake valve can be
given by controlling the lift amount, the open valve
period and the phase of another intake valve by giving
one intake valve the lift amount and the open valve
period predetermined 1n region where air amount 1s
comparatively small 1n the high air amount region.

2. A varniable valve type internal combustion engine 1n
which the intake airflow 1s controlled with a plurality of
intake valves, comprising a plurality of intake ports pro-
vided 1n each cylinder, an intake valve which individually
opens and shuts each 1intake port, a variable valve gear which
continuously and changeably sets at least one of the It
amount and the open valve period of each intake valve, and
a control means in which at least one of the lift amount and
the open valve period of plural intake valves can be set
independently for each intake valve, and the operation
modes of said plural intake valves in one cylinder can be set
respectively and independently according to the operating
states of the internal combustion engine,

wherein the opening space of another intake valve 1s

increased to secure the air amount by decreasing the
opening space ol one intake valve, and

the l1ift amount and the open valve period of another intake

valve 1s increased to decrease the variation of the intake
atrflow due to the variation of the lift amount and the
open valve period of another intake valve.
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